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(54) Management communication bus for networking devices 



(57) A management communication bus for ena- 
bling management of network devices in a network sys- 
tem. The network system includes at least one bus mas- 
ter device and at least one slave device, where the bus 
master and slave devices are distributed within the net- 
work devbes. Each network device includes a slave de- 
vice or a bus master devk;e or both. The bus includes 
several conductors for state signals for defining four 
states for arbitration, (or slave tdenttfication, for assert- 



ing an address and for asserting data corresponding to 
the address. The bus further includes several conduc- 
tors for data signals for transferring Information data de- 
pending upon the different stales, where the information 
data includes bus request, slave identification, the ad- 
dress and the data corresponding to the address. Each 
bus nt^ster includes an interface to the bus to step 
through each of the states (or controlling each cycle. 
Each bus master and slave device includes an identifi- 
cation number with a predetermined priority. 
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Description 

The present Invention relates to the field of networking devices, and nrtore particularly to a nianagement commu- 
nication bus for networking devices. 

5 There are many different types of networks and network systems for sharing files and resources or for otherwise 

enabling communication between two or more computers. Networks may be categorized based on various features 
and f unctk)ns, such as message capacity, range over which the nodes are distn*buted, node or computer types, node 
relationships, topology or togk^al and/or physical layout, architecture based on cable type and data packet format, 
access possibilities, etc. For example, the range of a network refers to the distance over which the rKxJes are distnbuted, 

10 such as local-area networks (LANs) within an office or floor of a buikiing, wide-area networks (WANs) spanning across 
a college campus, or a city or a state, gbbai-area networks (GANs) spanning across natk)nal boundaries, etc. The 
architecture of a network generally refers to the cabling or media and media access used as well as the packet structure 
of the data transmitted across the media. Vark)us architectures are common. Including Ethernet using coaxial, twisted 
pair or fiber-optk: cables for operation at 10 megabits per second (Mbps) (e.g. lOBase-T, lOBase-F) or fast Ethernet 

IS operating at 100 Mbps (e.g. 100Base-T, 100Base-FX). ARCnet (Attached Resource Computer Network) is a relatively 
inexpensive network architecture using coaxial, twisted pair or fiber-optic cables for operation at 2.5 Mbps. Token Ring 
or Token Bus uses special IBM cable or fiber-optk: cable for operaton between 1-16 Mbps. Of course, many other 
types of networks are known and available. 

Each network ger^rally fficludes two or more connputers, often referred to as nodes or statbns, which are coupled 

20 together through selected media and varbus other network devices for relaying, transmitting, repeating, translating, 
filtering, etc., the data between the nodes. The term "network devfce" generally refers to the computers and their 
network interface cards (NICs) as well as various other devKes on the network, including repeaters, bridges, switches, 
routers, brouters, to name a few examples. 

It is desired to monitor and/or configure each of the network devk^es for purposes of managing that network. For 

2S example, it may be desired to enable or disable and configure each of the ports of a multi-port device, such as a 
repeater. Also, it may be desired to monitor the status of the ports or to monitor and retrieve statistical data about one 
or more ports on a network device. Thus, management data must be communicated between the network devices. 
Each of the network devices may be configured to communicate with other network devices through their respective 
network channels and protocols for purposes of management. However, if the networiQ channels or protocols are in- 

<30 compatible, then some type of converter or brkfge device woukJ be required to enable such communicatbn. For ex- 
ample, a brkJge wouki typk^aliy be required to enable a lOBase-T and a 100Base-T devk;e to communicate with each 
other. Such converter devices add significant arKi undesirable cost to the system. Furthernnore, such communbatbn 
is typically packetrzed requiring additional overhead to encode the data into packets and send the data on its network 
to another device. The receiving device must then retrieve the packet and decode the data, which requires additional 

3S overtiead. More importantly, it is not desired to consume valuable time and resources on the respective networks by 
increasing traffic with management functions. Also, not all of the network devices are sources or destinations of data 
and simply receive and re-send data. For example, an Ethernet repeater does riot receive and decode packets, but 
simply repeats the packet on its other ports. Thus, the repeater would require modification of its network logic to enable 
management functions. 

^ One possible solution is to add a common network protocol to each of the devices, such as ARCnet or the like, so 

that each device becomes a node on a separate management network. However, such a network must be relatively 
inexpensive and yet have enough data throughput to achieve the desired management functions. Although ARCnet is 
a relatively inexpensive architecture, it requires significant overhead for encoding and decoding packets and inserting 
waft states, thereby decreasing actual overall data throughput to approxintately 1Mbps. 

^ ArK>ther possible solutksn is to incorporate a known input/output (I/O) bus structure to all of the network devces. 
such as the 8-blt PC bus, the Industry standard architecture (ISA) or AT bus, the Extended ISA (EISA) bus. the Micro 
Channel Architecture (8> by IBM (MCA), the peripheral component interconnect (PCI) bus, etc. Each of these bus struc- 
tures provide memory mapped transactions and wouM enable sufficient throughput for the desired management func- 
tions of network devices. However, such bus structures are also relatively expensive and require a significant amount 

so of bus signals. An 8-bit PC bus, for example, requires at least 31 pins or signals, and the 1 6-bit ISA bus adds at least 
18 more pins to the PC bus. The EISA bus adds 55 signals to the ISA bus. The MCA bus includes at least 46 pins for 
its basic 8-bit section. 

Another possible solution is to use a serial channel for communications. However, serial commun nations are 
relatively expensive for the anrK>unt of data throughput available. Common throughput rates are 9600. 14,400. 1 9.200 
ss and 28.800 bits at unit density (baud). Higher baud and/oi bit rates may be available, but at significant increase in cost. 
It is desired to provkJe a management communicatbn scheme for managing network devices at the desired data 
throughput without adding significant cost to a network system. 

A management communication bus according to the present invention enables management of a plurality of net- 
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work devices of a network system. The network system includes at ieast one bus master device and at least one slave 
device, where the bus master and siave devices are distn'buted withri the network devices as desired. 

Thus, each network device vicludes a slave device or a bus master device or both. The bus includes several state 
signals for defining at least three states for arbitration, for slave kientificatbn. for asserting ari address and for asserting 
5 data corresponding to the address. The bus further includes several data signals for transferring information data 
depending upon the different states, where the informatkxi data includes bus request, slave kienlification, the address 
and the data corresponding to the address. In the preferred embodiment, the bus includes a dock signal for purposes 
of synchronization. The clock signal is preferably approximately eight megahertz (MHz). Also, the bus preferably in- 
cludes two state signals for defining at least four states, and eight data signals, where a bus master accesses up to 
to 16 kilobytes (KB) of data per slave at a data throughput rate of 1 . 14 Mbps. 

Preferably, arbitration and slave identification occurs during a first state, an address is asserted in two portions 
during second and third states, respectively, and a data cycle is performed during a fourth state. During the first address 
state, the controlling bus master device asserts a cycle definition signal on a bus data signal to indicate whether the 
operatkm is a read or a write cycle. During the second address state, a slave devk^e being accessed may assert a 
75 busy signal on a bus data signal to indicate that the slave device is busy, where the bus master keeps the bus in the 
second address state until the slave device is ready to proceed to the data cycle. Each bus nrtaster includes an interface 
to the bus to step through each of the states thereby controlling each cycle. The bus master preferably asserts only 
one of the state signals at a time. 

Preferably, a plurafity of bus masters and slave devk;es are coupled to the bus, each including an Interface devk;e 
^0 for controlling operatk)ns. The bus masters include a bus master interface for controlling state transitions, for asserting 
an address and for either asserting or receiving and latching the data. Each siave device also includes a slave interface 
lor detecting the cycle definition signal and for asserting data during a read cycle and lor receiving data during a write 
cycle. Each slave device further includes memory for storing data retrieved from the bus during write cycles or lor 
providing status or other data to be asserted onto the bus during read cycles. Each bus master may delay any bus 
2S state. Each slave interface asserts the busy signal, if necessary, to delay the address cycle before proceeding to the 
d&ta cycle. 

Each bus master device includes an identification number with a predetermined priority. The bus master interface 
asserts an arbitration signal to initiate arbitration, and then asserts a binary equivalent of its identification number on 
the bus data signals to arbitrate for the bus. The bus master asserting a highest prbrity identification number gains 

30 control of the bus. Several arbitration variations are possible for determining the bus master with the highest priority 
Several phases are defined in the first state based on transitions of a ck)ck signal. In one embodiment, during each 
phase, each bus master asserts its next signifk^nt kientification bit and then compares its more significant bits with 
corresponding bits on tfie bus to determine whether it has. priority or not. If not. that master drops out of the present 
arbitration. In a second embodiment, each bus nraster asserts its consecutive leading identification bits equal to a 

35 predetermined priority logic level beginning with a bit corresponding to each phase. In subsequent phases, each bus 
master compares its upper identificatk>n bits equal to the opposite logic level with corresponding bits asserted on the 
bus. and if the bits match, the bus master further asserts more of its bits durbig subsequent phases. In the final phase, 
no further bits are asserted and each bus master compares its identifk:atk)n number with that asserted on the bus. The 
participating bus master with a match tn a final phase wins and assumes control of the bus. In the preferred embodiment, 

^0 the ldentificatk)n numbers are four bits and arbitratbn occurs in four phases. 

Each slave device also includes an identification number. The winning bus nriaster asserts the identification number 
of the slave device that it wishes to access on the bus, and all of the slave devices compare the number asserted on 
the bus with their identification number The slave device detecting a match partic^tes in that cycle. In the preferred 
embodiment, one identification number not assigned to any slave device is a global klentifk^atbn number, where the 

45 bus master executes a write cycle to all of the slave devkres on the bus. 

In the preferred emtKxiiment, a chassis is provided, which includes a plurality of slots and a plurality of slot con- 
nectors mounted to the chassis, where each of the sk>t connectors are aligned with a corresponding one of the slots. 
A management communication bus according to the present invention is electrically coupled to each of the slot con- 
nectors. The bus master and slave devices are incorporated into one or more modules configured to plug into the stots 

so of the chassis, where each module includes a module connector for interfacing a corresponding one of the slot con- 
nectors coupled to the bus. Each module configured as a network devk:e preferably includes a media interface devk;e 
and port control logic as well as a slave interface and corresponding buffers, registers, latches and memory. 

Preferably, a processor Is coupled to the port control logic and the slave interface and menxjry for transferring data 
between the network device and the slave interface to enable access and control of the network device by an external 

55 bus master. The network nxxJule also preferably includes an Interface or connector for receiving a bus master, so that 
the network module may include both a master and a slave devk:e in the same slot. Of course, the module may be 
configured as a dedicated bus master and include only a bus master devkre. In this manner, two or more modules 
configured as a bus master or slave or both are plugged into the stots of the chassis and are automatically connected 
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1o the management bus. Each sbt may be hardwired with an associated identificatton number for both masters and 
slaves. Altematively, the identificatbn numbers may be programmed and independent of the physical slots. 

A better understanding of the present invention can be obtained when the folfowing detailed description of the 
preferred emt>odiment is considered in conjunction with the following drawings, in which: 

Figure 1 is a simplified block diagram illustrating a network system including a management communication bus 
according to the present invention; 

Figure 2A is a perspective view of a modularized embodiment of a network system according to the present in- 
vention; 

Figure 2B is a backside view of the chassis and an exemplary module of Figure 2A; 

Figure 3 is a block diagram of a module incorporating slave and bus master functions according to the present 
invention; 

Figure 4 is a block diagram of a bus master device according to the present invention; 

Figure 5 is a state diagram illustrating bus states of a management communk:ation bus according to the present 
invention; 

Figure 6A is a block diagram of a particular embodiment for illustrating arbitration; 

Figure 6B is a timing diagram illustrating arbitratbn of the embodiment shown in Figure 6A; and 

Figure 7 is a timing diagram illustrating operatfon of a management communrcation bus according to the present 
invention. 

Referring now to Figure 1 , a simplified block diagram is shown illustrating a network system 1 00 including a man- 
agement communrcation bus 102 implemented according to the present invention. The bus 102 includes a plurality of 
independent transmissbn media for a corresponding plurality of bus signals. One or more network devices 104 are 
shown, each including a bus interface device 106 for coupling to and interfacing with the bus 102. An appropriate bus 
connector 108 electrically couples the interface device 106 to each of the signals of the bus 102. Each interface device 
106 is implemented as a bus master devfce, a bus slave device, or both. In general, a bus master is a device whfch 
gains control of a bus for initiating and controlling cycles or transactions on the bus. A slave device generally responds 
to signals or transactions occurring on the bus to receive data from or othenwise provide data to the bus master. For 
example, a bus master gains control of the bus to perform a read cycle to retrieve data from a slave, and the slave 
device respondingly provides the addressed data on the bus for retrieval by the bus master. 

In one embodiment according to the present Invention, the interface devbe 106 of one or nrx>re of the network 
devices 1 04 are configured as bus master devices, while the remaining interface devbes 106 of the remaining network 
devices 104 are configured as slaves. In yet another embodiment, any one or more of the interface devices 106 may 
be configured as both bus masters and siaves. Additionally, an optional dedk:ated bus master 110 is shown, whbh 
includes a bus master interface 112 and bus connector 108 for interfacing with the bus 102. The bus master 110 is 
either a stand-atone system or optionally includes another input/output (I/O) interface 114 for communbating with a 
computer system 116. 

Each of the network devices 104 may be implemented as any one of several different network device types known 
to those skilled in the art. such as hubs, concentrators, switches, bridges, repeaters, network interface cards (NICs). 
etc. The network devices 104 may be single port or multiport and may operate according to any one or more protocols 
or architectures, such as. for example. Ethernet (lOBase-T, 100Base-T, 100Base-FX. etc.), Token Ring, VG (voice- 
grade). ARCnet, FDDI (Fiber Distributed Data Interlace). CDDI (Copper Distributed Data Interface), ATM (Asynchro- 
nous Transfer Mode), etc. Further, the network devices 1 04 may be configured according to any type of network physical 
or logical topology, such as linear, bus, star, ring, star-wired ring, etc. The present invention is not limited to any particular 
type or configuration of network or network device. Furthermore, any one or more of the network devices 104 could 
by hybrid type devices operating according to multiple protocols, so that the network devices 104 need not all be the 
same type. 

It is desired to monitor and control the network devices 104 for purposes of management. For example, one of the 
network devices 104 could be a multi-port Ethernet 10Base-T repeater, where it is desired to enable or disable one of 
the ports on that repealer Or, it nnay be desired to monitor one of the ports on that repeater for gathering statistbal 
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information of that port for any purpose, such as data flow control. Each network device 104 preferably includes one 
or more status registers 1 20 for indicating the status of that device. Each network devk:e 104 also preferably includes 
one or more configuration registers 122 for programming and configuring that network device. Furthermore, each 
network devrce 1 04 preferably includes memory 1 24 formonitoring the operation or otherwise collecting statistk^al data 

s of the particular network to which that device is connected. 

The management communication bus 102 enables a bus master, such as the bus master 110. to perform man- 
agement functions, such as nxxiitoring the status and programming the configuration of one or more of the network 
devices 104. In this manner, each of the network devk:es 104 are managed and controlled by a bus master, such as 
the bus master 110. The bus master 110 may perform these functions automatically according to predetermined man- 

10 agement guidelines, or may be controlled by an external device, such as the computer system 116. Further, an operator 
may control each of the network devices 104 using the computer system 116. In this manner, a renrwte device coupled 
to a network devk;e 104 including bus master capabilities may perform management functions by sending configuration 
commands or retrieving status or other information from the other network devices through the bus 102. As described 
previously, any one or more of the Interface devk;es 106 may also be configured as a bus master device for controlling 

15 ihe network devices 104. 

The bus 102 generally includes a plurality of independent transmissbn media for carrying the bus signals. Many 
physical implementations are possible. The transmission media may be of any type, such as conductive wire, fiber 
optic cable, etc. For example, the bus 102 could be implemented as a ribbon cable with electrical connectors for 
interfacing the connectors 108. Alternatively, the bus 102 coukJ be implemented on a printed wiring board (PWB) with 

20 several skA connectors, where the connectors 108 are configured to plug into the slots of the bus 102 to enable oom- 
munk;ation. The bus 102 also includes one or more ground signals for reference, if necessary. The bus 102 operates 
either synchronously or asynchronously. For synchronous operation, a clock signal is also provkJed on the bus 102, 
which preferably operates at a frequency of approximately 8 megahertz. (MHz). 

In the preferred embodiment, the bus 102 is implemented on a backplane 206 of a chassis 202, shown in Figure 

25 2A. Figure 2A is a perspective view of a modularized embodiment of a network system 200 according to the present 
inventbn. The chassis 202 is preferably a box-like structure including a plurality of slots 202a, 202b, 202c. ..2021 , where 
each sk)t is configured for receiving a module 204. Preferably, twelve sbts 202a-1 are included, although the chassis 
202 may include any number of slots as desired. The modules 204 include networtc devices, such as the network 
devices 104, or bus master devices, such as the bus master 110, and are configured to plug into any one of the 

30 respective slots 202a-1 of the chassis 202. The chassis 202 provkles convenient access for each of the modules 204 
to a bus. such as the bus 102. The chassis 202 also provides a convenient ground reference for all the modules 204, 
so that the bus 102 need not include a separate ground conductor. 

-Figure 2B is a backside view of the chassis 202 and an exemplary module 204 of Figure 2A. The chassis 202 
includes a backplane 206 incorporating a management communication bus 208 according to the present invention. 

35 The backplane 206 may include other buses, memory or logic as desired. The bus 208 is similar to the bus 102 and 
includes the same or similar bus signals, and is configured to align with the slots 202a-1 of the chassis 202. The bus 
208 includes a plurality of connectors 210. one for each of the slots 202a-1. Each of the modules 204 includes a 
compatible bus connector 212 for interfacing any one of the connectors 210 when plugged into a corresponding one 
of the slots 202a-1. In this manner, a network device incorporated into a module 204 is coupled to the bus 208 when 

40 plugged into any one of the sbts 202a-1 . 

Figure 3 is a more detailed bkxk diagram of the nrxxjule 204 and the bus 208 of Figure 2B. The backplane 206 
preferably includes the bus 208 and a connector 210 for coupling to the connector 212 of the networtc nxxJuIe 204. 
The connector 212 is connected to a slave Interface 300, whk:h includes slave bgb arxl/or latches for communicating 
information with other modules 204 in the chassis 202. Preferably, each slave interface includes storage devices 301. 

45 such as 74HC373 transparent latches by Texas Instruments. Inc. (Tl). or the equivalent. Depending upon timing re- 
quirements, buffers may also be used to fomvard data to a storage devk:e further inside the module 204, such as within 
a local processor 304 or a memory 302. The slave interface 300 monitors cycles on the bus 208 to determine if it is 
being accessed, and if so, either provides data to, or reads data from, the bus 208. as further described below. The 
memory 302 is coupled to the slave interface 300 for storing data from the bus 208 and for retrieving data for assertion 

so on the bus 208. The memory 302 is preferably a dual-port 2K by 8-bit (16 Kb) state random access memory (SRAM) 
having one port coupled to the slave Interface 300 and another port coupled to the processor 304. The processor 304 
Is preferably an 60C5 1 or the like, which receives conf iguratk>n commands from the bus 208 and also deposits statistical 
information into the memory 302 during operation. 

A media interface device 306 with n ports, namely, Portl, Port2, ... Portn, is the prinnary network device of the 

55 module 204 for interfacing a corresponding network. For example, the media Interface device 306 could be a 1 0OBase- 
TX repeater or the like which receives packets on any of the ports Portl -Portn and repeats the packet to the remaining 
ports. The media interface devu:e 306 is coupled to port control logk: 308, which includes one or more control or 
configuratkxi registers 308a, status registers 308b and any other state or dynamic memory 308c as desired. The media 
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interface device 306 receives its configuration information from one or more configuration registers 308a and returns 
status information via one or mote status registers 308b within the port control logic 308. For Ethernet, the port control 
logic 308 nnay include the ring interface chip (RtC) by National Semiconductor, for example. The port control logic 308 
is coupled to the processor 304. which is further coupled to another memory 310. The mennory 310 is preferably non- 

5 volatile RAM for storing product number, serial number and configuration infomiation of the module 204, which infor- 
mation remains valid after power is removed. The processor 304 generally operates to transfer data and information 
between the port control logic 308 and the memories 302. 310. 

In this manner, a bus master device coupled to the bus 208 controls the configuration of the media interlace device 
306 by executing a write cycle to write new configuration information to the bus 208 and addressing the module 204. 

10 The processor 304 transfers this information to the configuration registers 308a in the port control logic 308, which is 
then retrieved by the media intertace device 306. Statistical data and status information is written to the status registers 
308b and the memory 308c within the port control logic 308. which data is transferred to the memory 302 during 
operation. A bus master retrieves this information by executing a read cycle on the bus 208, where the slave interface 
300 provides the data to the bus 208 in response. 

f 5 In the preferred embodiment, the nrxxiule 204 includes a connector or slot 31 2 for receiving an optional bus master 
device 314. The bus master device 314 is optionally coupled to the mennories 302, 310, the port control logic 308 and 
the connector 212 through appropriate conductors of the slot 312. However, the bus master device 314 may also be 
stand-aldne. If the bus nrtaster device 314 is included, the module 204 operates as both a bus master and slave device 
on the bus 208. The module 204 may sen^e as both master and slave at the same time, since the bus master device 

20 314 may execute a cycle on the bus 208 to the slave intertace 300. It is further noted that the nDodule 204 may also 
be a bus master alone, where the slave nntertace 300 is not included. If the bus master device 314 includes a processor 
and memory, the processor 304 and the memories 302, 310 would also not be necessary. Also, the media interface 
device 306 and the port control logic 308 are not required on a bus master module, where the module 204 would then 
be a dedicated bus master device, similar to the dedicated bus master 110 of Figure 1 . It is understood that the present 

2S invention is not limited to any particular configuration of the modules 204 and encompasses all of these configurations. 

The bus 208. as well as the bus 102, are each implemented as a management communication bus according to 
the present inventbn. Each bus master and slave device is also implemented to communicate on the bus 208 or 102 
in accordance with the present invention. The structure and operation of the bus 102 and 208 are now more fully 
described and collectively referred to as the bus 208 for simplicity. The bus 208 provides memory-mapped accessibility 

30 to 16 Kbytes (KB) of memory per slot, where each slot is either a connector, such as the connector 108, or one of the 
slots 202a-1 , as shown for the chassis 202 embodiment shown in Figures 2A and 2B. Each slot is associated with a 
slot identification (id) number, which is either hard-wired according to the physical slot or programmable using memory. 
The slot id number is preferably a 4-bit number SS(3:0] (slave stot) for identifying up to a maximum of 16 slave devices 
coupled to the bus 208. In the preferred embodiment, however, only 12 slots are used, where a higher numbered "slof 

55 is used as a global access for writing to all the slave devices in one bus cycle. The global slot number is preferably 
decimal 14. or Eh ("h" for hexadecimal), or SS|3:0J = 1110b ("b" for binary). The bus 208 preferably includes ten pins 
or bus signals 8(9.01, including two state signals ST1, STO or bus signals B{9,8J for defining at least three different 
states, and eight information data bits or bus signals B[7:0]. as shown in Figure 3 and in the following Table I: 

40 Table I: 



Bus 208 Signal Definitions 


ST1 (8191) 


STO (8(81) 


State 


Data bits {B[7 0]) 


0 


0 


STOO 


IDLE; ARB*.,,. MRQ[3:01/SS[3:0) 


1 


0 


ST10 


WR.A16:0] 


1 


1 


ST11 


BSY*. All 3:7) 


0 


1 


ST01 


D[7:01 



so 

where an asterisk **' following a signal name denotes negative logic, where the signal is conskJered asserted when low 
The two state bits ST1 and STO define at least three different slates, where the definitions of the eight bus signals 
B[7:0] change vinth the particular state of the bus 208. Of course, additional signals could be added to define additional 
states. A first state is an identification state including arbitration for identifying a bus master to control the bus 208 and 
a slave device that the winning bus master wishes to access. A second state is an address state for asserting an 
address and a third state is a data state for performing a data cycle on the bus 208. In the preferred embodiment, the 
address state Includes two different states for asserting first and second portions of the address. As sfiown in Table I, 
the two state bits ST1 and STO preferably define four different stales STOO. STIO, ST11 and ST01 of the bus 208. 
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A term 'IDLE' indicates the bus 208 is idle; a signal ARB* is preferably high when the bus 208 is idle and asserted 
low on the 6(7] signal during state STOO to mftiate an arbitration; signals MRQ(3:0] (master request) represent bus 
master id numbers which are asserted on bus signals B[3:0] during state STOO by respective bus masters requesting 
control of the bus 208; signals SS[3:0] indicate the slot id number of a slave device, which id number is asserted on 

5 bus signals B[3:0] by the winning bus master during state STOO to access a slave device; a signal WR is a cycle 
definition signal which is asserted on bus signal Bp] in state ST 10 to irKiicate a write cycle when asserted high and a 
read cyde when asserted low; a signal BSY* is asserted by a slave device on bus signal B[7] in state STil to delay 
an address cycle before beginning a data cycle; signals A|1 3:0] are address signals asserted by the winning bus master 
during states ST10 and ST11 ; and signals D[7:0] are data signals asserted during state ST01 . 

10 Referrcng now to Figure 4, a more specific block diagram is shown of an embodiment of the bus master device 
314 of Figure 3. Preferably, the bus master device 314 is an enhanced management processor, which is further an 
embedded application for gathering statistical information and fault conditions of a network, for building a management 
information base (MIB), and for reporting the MIB information to a management software client The bus master device 
preferably includes a processor 400, which is preferably a 3051 RISC (reduced instruction-set computer) type proe- 
ms essor, such as the IDT3051 . The processor 400 preferably Includes a memory subsystem 402. which preferably com- 
prises between 1 to 8 Mbyte dynamic RAM (DRAM). A network processor 404 is preferably Incorporated into a network 
node, where the processor 404 copies full or partial packets into the memory subsystem 402. The processor 404 also 
sends packets constructed by the processor 400 across a network to a ntanagemeiit console or the like. 

The bus master device 314 also preferably includes flash memory 406 containing code for an embedded applica- 

20 tion; a firmer 408 for providing DRAM refresh, periodic interrupt of the processor 400 and a watchdog timer; a serial 
port 410 for direct communication of the processor 400; a non-volatile memory 412 for storing configuration and Iden- 
tification informatbn and embedded application variables; control and status buffers 414; and a bus master Interface 
416 including storage devices 418, all coupled to the processor 400 through a kx:al bus 420. The bus master interiace 
416 enables the processor 400 to gain control of the bus 208 for accessrig and controlling one or more slave devk^es. 

25 Preferably, the storage devices 418 are latches or buffers, such as 74AC244 buffers by Tl or the like. 

Figure 5 is a state diagram illustrating transitions between the states of the bus 208. where states STOO. ST10, 
ST11 and ST01 preferably occur in order as shown In Table I and Figure 5. Thus, the bus 208 is initially in state STOO 
when idle, and remains In stale STOO during arbitration and to kfentify a slave devrce. Arbitration is described more 
fully below. The bus master winning the arbitratbn in state STOO asserts the slave identification number SS(3:0] on 

30 signals B[3:0] while stilt in state STOO to identify the slave device to be accessed. The winning bus master then tran- 
sitions the state signals ST1 and STO to control the state transitions. In particular, the bus master asserts state signal 
ST1 to transltkxi the bus to state ST10 for the first address phase. The WR signal is asserted on B[7] and the first 
portion of the address, or AfSiO], is asserted on the bus signals B[6:0] by the bus master in state ST10. Then the bus 
master asserts the STO state bit to transitbn the bus to state ST11 for the second address phase, where the bus master 

35 also asserts the address signals A(13:7J. The identified slave devfce may assert the BSY* signal on B[7] tow during 
state ST1 1 if the slave devbe is busy decoding the address. The slave device negates the BSY* signal to allow transitkxi 
to state ST01 for the data phase. The bus master then asserts the ST1 state bit low to transition to state ST01 for a 
data phase, and then asserts the STO slate bit low to transitions back to state STOO to indbate the cycle is complete. 
The bus 208 is once again Idle and ready for another cycle. 

40 It is noted that only one of the indivkJual state bit signals ST1 and STO transitions at a time between any two 

consecutive states, which assures glitch free state transitions. Also, the state bit STO tracks the state bit ST1, so that 
STO is a sampled versk)n of STI . thereby simplifying a state machine implementation. 

The bus 208 may be operated in an asynchronous manner so that a separate clock signal or timing reference is 
not required. For an asynchronous embodiment, each of the bus master and slave devbes include state and data 

45 decode togic for determining the current state and transitkxis to the next state. In the preferred embodiment, however, 
a separate clock signal referred to as CLK is provided (Figures 6. 7) on the bus 208 for synchronizing communk:atk)ns 
and tor defining state transitions. The CLK signal preferably operates at a frequency of approximately 8 MHz. 

Table I and Figure 5 illustrate that 14 binary address signals and 8 data signals are used for addressing 16 KB of 
data for each slave. Of course, addittonal bus signals coukf be provided for addressing a greater data space andtor 

50 more data during each cycle. In the preferred embodiment, the bus 208 includes the CLK ckx:k signal and each bus 
cycle includes at least seven clock perkxis to complete. State STOO is preferably three CLK cycles in duration, including 
two clock cycles for arbitration and one ctock cycle lor slave devk:e decoding. One CLK cycle is used by each of the 
remaining states STIO, ST11 and ST01, and a Tinal CLK cycle is used to drive the B(7:0] data signals to FFh during 
one kJIe state STOO. A bus master may insert addittonal CLK cycles or wait states as desired, and the slave device 

55 may require additional CLK cycles during state ST11 to decode or latch the address. In the preferred embodiment, 
however, each bus cycle completes in seven CLK cycles and the BSY* signal is optional. If a CLK frequency of 8 MHz 
is used, a data throughput rate of approximately 1.14 MB is achieved if each bus cycle is 7 CLK cycles. 

In one embodiment, up to 16 stots are defined, each for receiving either a bus master or a slave or a combinatton 
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of both, for a total of 32 devices. Four binary signals MRQ[3:0] are used to identify the bus masters during arbitration 
and four binary signals SS(3:0] are used to identify the slave devices. The id nun^ers may be hard coded to the physical 
slots, such as the slots 202a-1 , or they may be programmable and independent of physical slots. Thus, for example, 
bus master 9 has an id number of MRQ(3:0] = 1001 b and slave device 8 has an id number SS[3:0] = 1000b. The ARB* 
s signal remains negated high in state STOO when the bus 208 indicating that participation in bus ownership is allowed. 
One or more bus masters on the bus 208 initiate an arbitratiort cycle by asserting the ARB* signal bw after sampling 
it high In state STOO. In the next CLK cycle, the ARB* signal Is held low by one or more bus masters indicatmg that 
only those bus masters that asserted the ARB* signal in the pnor CLK cycle are involved in the arbitration and nnay 
gain control of the bus 208. 

10 The arbitratton process is preferably two CLK cycles in duration beginning with the rising CLK edge after the ARB* 

signal was driven low. The two arbitration CLK cycles include four separate phases 3, 2, 1 and 0 defined between 
consecutive transitions of the CLK signal. Thus, phase 3 occurs between the first rising edge and the next falling edge 
of the CLK signal, phase 2 follows until the next rising edge of the CLK signal, and so on. During each of these phases, 
certain ones of the participating bus masters assert one or nrK>re of their MRQ(3:0] signals to compete for ownership 

IS of the bus 208. In the preferred embodiment, the bus master with the lowest MRQ(3:0) value wins, so that bus master 
zero with an id number of Oh always takes precedent if arbitrating, and bus master 1 5 decimal (Fh. hexadecimal) has 
lowest priority. The bus data signals B[7:0] are preferably pulled high through pullup resistors if not othenv ise asserted 
low. 

In a first arbitration embodiment, the participating bus masters with MRQ[3] = 0 in the f ir6t phase 3 drive bus signal 
20 B[3] fow and hold it low until the end of the last phase 0. During phase 3, all participants compare their MRQ(3] value 
with the B[3] value asserted on the bus 208. All participating bus masters with a different MROfS] than that of B[3] lose 
and do not participate further in the arbitration. During the next phase 2, the remaining participants having matched 
MRQ{3] = B[3] and with MRQ[2] = 0 drive B[2] tow and hold it low until the end of phase 0. During phase 2. the remaining 
participants compare their MRQ{2] value with the B(2] value on the bus 208. Again, only those bus masters with match- 
es ing MRQ(2J and matching MRQ|3] continue participating in the arbitration. During the next phase 1. each remaining 
bus master with matching MRQ[3] and matching MRQ(2] = B[2] and with I^RQ(1J = 0 drive B[1] tow and hold it tow 
until the end of phase 0. During phase 1. remaining participants compare their MRC^l] value with the B{1] value on 
the bus 208. During the final phase 0, each remaining bus master with matching MRQ(3] and matching MRQ(2] and 
MRQJI] = B[1] and with MRQO] = 0 drive B[0] low and hold it low until the end of phase 0. During phase 0. all remaining 
00 participants compare their fi/IRQ[3:0] id number with value asserted on the B[3:0] signal on the bus 208. The bus master 
wfth matching MRQ|3:0] wins the arbitration and assumes control of the bus 208. 

The goal with the above-described arbitration process is that the bus master with the lowest MRQ[] value, which 
is the id or slot number, wins control of the bus 208. The last comparison during phase 0 to determine the winning bus 
master requires some setup time to latch bus ownership. This is possible with more expensive components capable 
35 of operating at relatively high frequencies. However, the timing becomes relatively tight for less expensive implemen- 
tations, such as programmable array logic (PAL) or PAL-based logic. If timing is too tight for the particular logic used, 
an additional CLK cycle could be inserted. This, however, stows down the process and somewhat reduces potential 
data throughput. Another solution, as described below, is to compress the art^ltratton process into two CLK cycles to 
relax this timing requirement. 

40 In a second arbitration embodiment, a total of twelve bus rriasters are defined having MRQ[3:0] id numbers Oh - 

5h, and 7h - Dh (hexadecimal). This is sufficient for a twelve-slot nrvodular design, such as that shown in Figure 2A. In 
this scheme, slots 6h and Eh are not altowed since assertions are not allowed in the final phase 0. Nonetheless, a bus 
master that would normally be at MRQ[3:0) = 6h is r&defined to respond with MRQ[3:0] = Dh during arbitration. During 
each phase, bus nrasters with leading identification bits equal to a predetermined prfority logic level assert the corre- 

45 sponding and consecutive B[3:0] signals to the priority togic state, where the opposite logic state represents a phase 
delay In the preferred embodiment, the prtority logic level is 0. It is noted however, that logical negatton is contemplated 
where the priority togic level is 1 . For prtority logic level of 0. the bus masters with leading O's assert the corresponding 
consecutive B(3:0] signals, where a T is generally considered a phase delay In subsequent phases, remaining bus 
masters drive additional ones of the B|3:0) signals if their upper MRC53:0] signals equal to the opposite logic state 

so match the corresponding B[3:0J signals. 

In particular, in the first phase 3, participating bus masters with slot id numbers of 8h (boocb) or greater have MRQ 
|3] = 1 b and do not drive B{3]. Participating bus masters having stot id numbers of 4-7h (Oxxxb) drive B(3) until the end 
of phase 0. II participating, bus masters 2h (0010b) and 3h (0011b) drive both B[3J and B(21 or B(3.2] until the end of 
phase 0. If participating, bus master Ih (0001b). drives 6(3.2.11 (or B|3:1]) and bus master Oh (00001b). if participating. 

ss drives all signals B[3:0] until the end of phase 0. 

During the remaining phases 2-0, participants compare their upper MRQ[] signals with corresponding bus signals 
B(] and continue participating and driving B[] signals only if there is a match. During phase 2, bus masters Ah (I010b) 
and Bh (1011b). if participating, drive B|2) if B[3] is high (a match). If B[3] is tow. then the Ah and Bh bus masters drop 



B 



EP 0 798 894 A2 



out and do not participate further in the current arbitration. Bus master 9h (1001 b) drives both B[2J] if B[3] is high, and 
rf not high, bus master 9h is out of the arbitration. Likewise, bus master 8h (1000b) drives B[2:0] if B[3] is high, but 
otherwise is out. Also, bus master 2h (0010b) drives B[0] if B[1] is high, but is otherwise out. It is noted that bus master 
2h asserts B[0] earfy since if B[1] is high, then bus masters Oh and th are not participating. During phase 1 , bus master 

5 Ch (1100b), if participaling, drives B[1 :0] if B[3:21 are both high, but othenvise is out; bus master Ah (1010b) drives B 
(OJ if B[3.1 J are both high, but is otherwise out; bus master Dh (1101b, substituting for 6h), drives B(1] if B[3,2J are high, 
but is othenvise out; bus master 5h (0101b) drives B[1] if B[2] is high, but is otherwise out; and bus master 4h (0100b) 
drives B[1 :0] if B[2] is high, but is otherwise out. in the last phase 0. no new B[3:0] signals are driven. During phase 0. 
each remaining bus master compares its MRQ[3:0] id number with the B[3:0] signals and latches the result. The bus 

10 master having a matching MRQ[3:0] value wins the arbitration. In this manner, bus master Oh takes highest prbrity, 
and bus nnaster 6h (with Dh as id number) has lowest priority. 

Figures 8A and 6B illustrate an arbitration example according to the second arbitration embodiment just described. 
In Figure 6A, two network stave devk:es 602 and 604 are plugged into sbts 001 Ob and 001 1 b. respectively, of a chassis 
600, whrch has bus 208 incorporated In its backplane. Four bus master devk;es 606, 608, 610 and 612 are plugged 

IS into slots 0100b, 0101b. 1000b, and 1010b, respectively, of the chassis 600. Figure 6B is a timing diagram illustrating 
arbitration of the bus 208 between the above bus masters 606^12, where signals CLK, ARB*. ST1, STO and B(3:0] 
are plotted against time. 

Initially, the bus 208 is idle in state STOO and the ARB* and B[3:0] signals are all high. At a time TO. the bus masters 
606-612 all assert the ARB* signal tow. Arbitratkxi begins at the next rising edge of the CLK signal at time .T2, where 

20 phase P3 begins. Bus master 606 and 608 asserts B(3] tow at about time T4 during phase P3, while bus meisters 
610-612 do not assert any of the B(3:0] signals. Phase 2 begins at time T6 at the next falling edge of the CLK signal. 
During phase 2. bus master 610 (id = 1000b) detects that the B(3] signal is not high and drops out of the arbitration. 
Likewise, bus nnaster 612 (id = 1010b) detects that the B[3] signal is not high and drops out of the arbitration. Phase 
1 begins at the next rising edge of the CLK signal at time T8. Bus master 606b detects that B(2] is still high indicating 

25 that there are no bus masters with kis of 0000b - 0011 b arbitrating for the bus 208. Thus, bus master 606 asserts the 
B[1:0] signals low at time T10. Meanwhile, bus master 608 detects that B[2] is still high during phase 1 and asserts 
the B[1] signal. Note that both bus masters 606 and 608 are asserting the B{1] signal, while only bus master 606 is 
asserting the B{0] signal. Phase 0 occurs between the next falling and rising edges of the CLK signal between times 
T12 and T14, respectively, where both remaining bus masters 606 and 608 compare their stot id numbers MRQ(3;0| 

30 with the bus signals 613:0). Since bus master 606 with MRQI3:0] = B[3:01 = 0100b, bus niaster 606 wins and assumes 
control of the bus 208 at time T14. 

At about time T 16, the ARB* signalls driven high by the bus master 606, which also asserts B[2] tow and 6(1] high 
identifying a slave device with a stot kf number of 0010b. Since the slave device 602 has an kf number of 0010b, it 
responds to the cycle on the bus 208 and retrieves the first part of an address during the next slate ST10 of the bus 

35 208. State StIO begins at the next rising edge of the CLK signal at time T18, and ends at the next rising edge of the 
CLK signal at time T20. 

In a third arbitratton embodiment, the first phase 3 is the same as phase 3 of the second embodiment above.. In 
partteular, participating bus masters having stot to numbers of 4-7h drive B[3|. Ih drives B[3-1], Oh drives B[3:0], and 
bus masters 2h and 3h drive both B[3.2] until the end of phase 0. During phase 2, bus nriaster 2h drives B(0] if B[1] is 

40 high, but is otherwise out; bus master 4h drives both B(1 :0] if B(2] is high, but is otherwise out; bus master 5h drives 
B[1 J if B[2) is high, but is otherwise out; bus master 8h drives B[2:0] If B{3] Is high, but is othenwise out; bus master 9h 
drives B[2:1] if B[3] is high, but is othenvise out; and bus masters Ah and Bh drive B[2] if B[3] is high, but are otherwise 
out. During phase 1 , bus master 6h drives B[0] if both B[2,1] are high, but is othenvise out; bus master Ah drives B(0] 
if B[3,1] are high, but is othenvise out; bus master Ch drives B[1:0] tf B(3:2] are high, but is othenvise out; bus master 

45 Dh drives B[1] if B|3,2] are high, but is othenvise out; and bus master Eh drives B[0] if B[3:1 ] are high, but is othenvise 
out. In the last phase 0, no new B[3:0) signals are driven, and each remaining bus master compares its MRQ[3:0) id 
number with the B{3:0] signals and latches the result. The bus master having a matching MRQ(3:0) value wins the 
arbitration, (n this manner, bus master Oh takes highest priority, and bus master Eh has lowest priority. 

In the fottowing CLK cycle after arbitration according to any of the embodiments described above, the winning bus 

so master asserts the slot id number SS[3:0] on the B[3:0] signals of the bus 208 of a stave devtoe it wishes to access 
while still in state STOO. The addressed slave device may have the same slot id number as the bus master Further, 
in the preferred embodiment with only 12 slots and slot numbers, a slot id number of Eh, or 1110b. is defined as a 
global write, where all of the slave devices decode the address and retrieve the data from the bus 208. As described 
prevtously. the bus master then steps through the remaining states in order, and the addressed slave devk:e(s) responds 

ss to the cycle. The slave devices respond to the bus cycle by latching the B[3:0] signals during the third CLK cycle of 
state STOO, which latching should occur during the STOO to ST01 transition. 

The addressed slave devtoe decodes state ST1 0 and preferably includes a transparent latch to store the WR signal 
and the address bits A[6:0]. It is noted that the A[7] address bit could be grouped with the A[6:0] address bits, as would 
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bo considered conventional. In the preferred embodiment, however. WR is grouped with A[6:0] to eliminate the need 
for every slave device to provide a latch for receiving information in the state ST11 . Those slave devices with a smaller 
address space. A|6:0]. sufTice. where WR is latched into the sanne 8-bit chip: In the state ST11 . the slave device latches 
Aj13:8] if those address bits are used. The slave device then begins its access and drives the BSY* signal within a 

5 setup requirement, if necessary. When the slave device is ready to transition into the state ST01 , it negates the BSY* 
signal, if asserted. After a transition from states ST11 to ST01, the A[13:0] signals are latched and the slave device is 
ready to accept data, if a write cycle is indicated, or to supply data, if a read cycle is indicated by the bus master In 
state ST01 , a latched version of the WR signal is used by the slave device to determine the direction of the data. After 
the transition from state ST01 to STOO, the slave device stops driving data for read cycles or latches the bus data 

10 signals B[7:0] for write cycles. Again, a slot id number of Eh is global and all slave devices present retrieve the data 
from the bus 208 during the global write cycle. 

Figure 7 is a liming diagram illustrating operation of the management communication bus 208. Each of the states 
ST0O-STO1 are defined relative to transitions of the CLX signal. T1, T2, T3 and T4 represent propagation delays. T1 
is the propagation delay of each state bit from the rising edge of the CLK signal. T2 is the propagatbn delay of the B 

IS [7:0] signals from the rising edge of the CLK signal when the bus master drives data. T3 is the propagation delay of 
BSY* and the B(7] signal from the rising edge of the CLK signal when the slave device drives the BSY* signal. 14 is 
the propagation delay of read data B[7:0] from the rising edge of the CLK signal when the slave device drives data. 
As described previously, the signals SS[3:0], WR and AjeiO], BSY* and A[l 3:7] and the data signals D[7:0] are asserted 
on respective ones of the B[7:0] signals during corresponding states. For example, the SS[3:0] and D(3:0] are both 

20 asserted on the B(3:0] signals, though in different states of the bus 208. so that there is no bus contention. 

Preferably, each bus master includes a set of four buffers, such as the storage devices 418, each having a corre- 
sponding enable signal MSTOO*. MSTIO*. MST11* and MST01*, respectively. The bus master asserts the MSTOO' 
signal while in state STOO to enable a STOO state buffer to drive the SS[3:0] signals. The bus master asserts the MST1 0* 
signal while in state ST10 to enable a ST10 state buffer to drive the WR and A[6:0] signals. The bus master asserts 

2S the MST 1 1 * signal while in state ST1 1 to enable a ST1 1 state buffer to drive the A( 1 3:7 J signals. The bus master asserts 
the MST01 * signal while in state ST01 to enable a ST01 state buffer to write or read the D{7:0] signals. Also, each 
slave device includes a set of four latches, such as the storage devices 301 , each having a corresponding enable 
signal SSTOO*, SSTIO*. SST11* and SST01*, respectively. The slave device asserts the SSTOO* signal while in state 
STOO to enable a STOO state latch to latch the SS[3:0] signals. The slave device asserts the SST10* signal while in 

30 state ST1 0 to enable a ST1 0 state latch to latch the WR and A[6:0] signals. The slave device asserts the SST11 * signal 
while in state ST11 to enable a ST11 state latch to latch the A[13:7] signals. The slave device asserts the SST01 signal 
while in state ST01 to enable a ST01 state latch to assert or read the D[7:0] signals. 

It is now appreciated that a management communication bus according to the present invention enables commu- 
nication between a plurality of network devices for purposes of control, configuration, checking status, monitoring sta- 

35 tistical information and any other management tunctbns. The bus is preferably multiplexed with at least two state i 
signals defining at least three, and preferably four states, where a first state is defined for arbitration and bus slave 
identification, second and a third states are defined for cycle definition and for asserting an address, and a fourth state 
is defined for a data cycle. Eight bus data signals are preferably included for defining up to 32 signals, where the 
definition of the bus data signals depends upon the partrcular slate of the bus as defined by the state signals. The bus 

^0 is a muttimaster bus since several bus masters arbitrate for the bus during the first state, where several of the bus data 
signals are used for identifying the participating bus masters. The winning bus master then identifies a slave device 
using the bus data signals during a last cycle of the first state. The bus nnaster then steps through several successive 
states and asserts address and cycle definitkxi signals on the bus. The slave respondingly latches the address and 
determines from the cycle definition whether the cycle is a read or a write cycle. 

^ In this manner, the bus is memory-mapped, where each bus master simply identifies an address to configuration 
registers within the slave device and asserts data to program or re-configure the accessed slave device. Also, the bus 
master monitors the slave devk:e by perform read cycles to status and/or memory within the slave to access status 
information of the slave device or statistical data that the slave devrce is collecting. The menrwry-mapped configuratkxi 
eliminates the overhead associated with encoding and decoding packetized data between the management portions 

so of the network devices. In the preferred embodiment, only ten pins are included on the bus. including two state signals 
and eight data signals for a cost-effective solution. Also, a cUxk signal is preferably included for synchronizing state 
transitions of the bus. This provkJes a management solution that approximately one-third the cost of a management 
scheme using ARCnet, yet with a higher data throughput. Thus, a management communication bus according to the 
present invention enables management of network devices at the desired data throughput without adding significant 

ss cost to a networi( system. 

Although the method and apparatus of the present invention has been described in connection with the preferred 
embodiment, it is not intended to be limited to the specific form set forth herein, but on the contrary, it is intended to 
cover such alternatives, modifications, and equivalents, as can be reasonably included within the spirit and scope of 
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the invention as defined by the appended claims. 



Claims 

5 

I. A management communication bus for a plurality of network devices of a network system, the network system 
including at least one bus nnaster device and at least one slave device, said management convnunication bus 
comprising: 

10 a plurality of state signals for defrning at least three states for arbitratk)n, for slave identificatbn, for asserting 

an address and for asserting data corresponding to said address; and 

a plurality of data signals for transferring information data depending upon said states, said information data 
including bus request, slave identificatkx). said address and said data. 

IS 2. The management communication bus of claim 1 , further comprising: a bus ckx^k signal for synchronizing state 
transrtk)ns. 

3. The management communicatkxi bus of claim 2, wherein said bus clock signal has a frequency of approximately 
el^t megahertz. 

20 

4. The management communk:ation bus of claim 1 , wherein said plurality of state signals includes at least two state 
signals for defining at least four states, said four states including first and second address states for asserting first 
and second address portions of said address, respectively. 

2S 5. The management communication bus of claim 4, wherein a bus master device asserts a cycle definition signal on 
. one of said plurality of data signals during one of said first and second address states indrcating whether the 
i . operatk}n is a read cycle and whether the operatbn is a write cycle. 

6. The management communication bus of claim 4, wherein said plurality of data signals includes at least eight data 
50 signals. 

7. \ The management communication bus of claim 4, wherein a slave devtee asserts a busy signal on one of said 
„^ -plurality of data signals to indicate that the slave device is busy during said second address state, and wherein 

said management communicatk)n bus stays in said secorKi address state until the stave device deasserts said 
55 busy signal. 

8. The management communk;atk>n bus of claim 1 , wherein said plurality of state signals includes two state signals 
and wherein said plurality of data signals includes eight data signals for a total of ten bus signals. 

40 9. The management communicatk)n bus of claim 1 , wherein only one of said plurality of state signals transition at a 
time between consecutive states of sakj at least three states. 

10. A management conrvnunicatkxi bus system, comprising: 

4S a bus, including: 

a plurality of stale signals for delining at least three states including a first state lor arbitration and slave 
device kientification, a second state for asserting an address and a third state for asserting data corre- 
sponding to said address; and 

so a plurality of data signals for transferring informatk)n data depending upon said states, saki informatbn 

data including bus request and slave kientification infonmatbn during sakj first state, saki address durkig 
said second state and saki data during saki third stale; 

at least one bus master device coupled to said bus; and 
ss at least one slave device coupled to said bus. 

II. The management communk:ation bus system of claim 10, wherein sakf plurality of state signals define at least 
four states wherein said second state includes first and second address states for asserting first and second ad- 
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dress portions, respectively. 

12. The management conrvnunication bus system of claim 10. wherein: 

5 said at least one bus maste r device includes an interface for asserting said plurality of state signals to transition 

between said at least three states; and 

wherein said bus master interface asserts said plurality of state signals and a data signal to initiate a first state 
to gain control of said bus and asserts said plurality of data signals to identify said at least one slave device, 
asserts said state signals to advance to a second state and asserts said address on said plurality of data 
10 signals and asserts said state signals to advance to a third state to perform a data cycle, 

13. The management communication bus system of claim 12, wherein said bus master interface asserts a cycle def- 
inrtbn signal during said second state indicating the direction of said data between said at least one bus master 
device and said at least one slave device. 

15 

14. The management communication bus system of claim 13. wherein said at least one slave device comprises: 

an interface for detecting said cycle definition signal and for asserting data during a read cycle and for retrieving 
data during a write cycle; and 
20 memory coupled to said interface for storing said data. 

15. The management communication bus system of claim 10. further comprising: 

a plurality of bus master devices coupled to said bus, each having an identification number with a predeter- 
25 mined prbrity; and 

wherein each of said plurality of bus master devices includes an interface for asserting a binary equivalent of 
an identification number on said plurality of data signals to arbitrate for said bus, wherein a bus master device 
asserting a highest priority identification number gains control of said bus. 

30 ie. The management communication bus system of claim 15, wherein said first state is divided into multiple phases, 
wherein during each of said multiple phases, each bus master device having a corresponding logic bit being equal 
to a predetermined priority logic level asserts said corresponding logic bit on a corresponding one of said plurality 
of data signals and then compares Its corresponding logic bit with said corresponding one of said plurality of data 
signals, and wherein during a final phase, a bus master device having an identification code matching correspond- 

OS ing ones of said plurality of data signals gains control of said bus. 

17. The management communication bus system of claim 15, wherein said first state is divided into multiple phases 
corresponding to the number of bits of said binary equivalent of said identification number, wherein during each 
of said multiple phases, each bus master device having a leading identification bit equal to a predetermined priority 
40 logic level asserts said leading identification bit and all consecutive Identification bits equal to said predetermined 

prbrity togic level on conesponding ones of said plurality of data signals, and In each subsequent phase, each 
bus master drives additional identification bits if its more significant identification bits are equal to an opposite logic 
state as said predetermined priority bgic level and match corresponding ones of said plurality of data signals. 

45 18. The management communication bus system of claim 10, further comprising: 

a plurality of slave devices each associated with one of a plurality of unique identification number; and 
wherein said at least one bus master device includes an interface for asserting one of said plurality of unique 
Identification numbers on said plurality of data signals to access a corresponding one of said plurality of slave 
so devices. 

19. The management communication bus system of claim 18. wherein said bus master interface asserts a global 
identification number on said plurality of data signals to access all of said plurality of slave devices. 

55 20. The management communication bus system of claim 10. wherein said at least one slave device includes an 
interface for asserting a busy signal on one of said plurality of data signals during said second state to delay said 
third state. 
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21. ; A network system, comprising: 

a chassis including a plurality of slots; 

a plurality of slot connectors mounted to said chassis, each one of said plurality of slot connectors aligned 
5 with a corresponding one of said plurality of sbts; 

a management communication bus coupled to each of said plurality of slot connectors, said bus comprising; 

a plurality of state signals for defining at least three states including an identification state for arbitrating 
for control of said bus and for asserting a slave identification number, an address state for asserting an 
10 address and a data state for asserting data corresponding to said address; and 

a plurality of data signals for transferring information data depending upon said states, said infonnatfon 
data including bus request and slave identification information during said identification state, said address 
during said address state and said data during said data state; and 

»s at least one module for plugging into any one of said plurality of slots of said chassis including a module 

connector for coupling with a corresponding one of said plurality of slot connectors for interfacing said at least 
one module to said bus. 

22. The network system of claim 21 , wherein said at least one module includes a bus master device for asserting said 
^0 plurality of state signals to transition between said at least three states of said bus. 

23. The network system of claim 22, wherein said bus master device includes an interface to assert said plurality of 
state signals and said piuraiily of data signals to initiate said identiTication state and gain control of said bus, to 
assert said slave identification number, to advance to said address state and to assert an address, and to advance 

25 to said data state to perform a data cycle. 

24. The network system of claim 21, wherein said at least one nxxiule includes a slave device for monitoring said 
plurality of data signals, for retrieving an address and for participating in a data cycle during said data state, 

30 25. The network system of claim 24, wherein saki slave devk^e includes: 

an interface for detecting a cycle definrtk)n signal and for asserting data during a read cycle and for retrieving 
^data for a write cycle; and 
- memory coupled to said interface for storing said data. 
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26. The network system of claim 21 . wherein sakt at least one module comprises: 



a bus master device for asserting said plurality of state signals totransitbn between said at least three states 
of said bus; and 

^0 a slave device for nK)niloring said plurality of data signals, for retrieving an address and for parircipating in a 

data cycle during sakf data state. 

27. The network system of claim 21 , wherein sakI at least one module comprises: 

^ a first module including a bus master device for asserting said plurality of state signals to transrtkjn between 

said at least three states of said bus; and 

a second module including a slave device for monitoring said plurality of data signals, for retrieving an address 
and for partic^ating in a data cycle during saki data state. 

^ 28. The network system of claim 27, wherein sakI second module further comprises: 

a network device, including: 

a media interface device; and 

^ port control togic coupled to sakI media interface device and said slave device. sakI port control logic 

including a plurality of configuratkxi and status registers. 

29. The network system of claim 28, wherein sakl slave devbe further comprises: 
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a processor coupled to said port control bgic; and 

a stave ffiterface coupled to said processor and said bus. 
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